Crystalline symmetries play a fundamental rule in determining the electronic and optical properties of topological materials [1] [2] [3] [4] [5] . Materials in the same space groups may exhibit similar quantum properties due to the crystal symmetries they share [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . By analyzing symmetry properties common to different space groups, one can generalize universal topological characteristics present across many material classes. For example, in non-magnetic chiral crystals, real-space structural chirality robustly gives rise to largely-separated Weyl-like fermions with quantized Chern numbers in energy-momentum space which further induced many emergent quantum properties [15] , including exotic bulk circular photogalvanic effect (CPGE) where a circularly-polarized laser generates a current from Weyl fermions [16] [17] [18] [19] [20] [21] [22] [23] and the giant Fermi arc surface states [19, [24] [25] [26] [27] [28] . The large photocurrents and broad light-sensitive windows of topological chiral crystals with Weyl-like fermions can be used to realize next-generation light-sensors or solar-cells beyond conventional semiconductors. Due to the potential applications, the CPGE from Weyl-like semimetals has caught intense research interests in both theory and experiment. Both bulk Weyl fermions and surface Fermi arcs are important in Weyl-like semimetals. However, previous works only considered the photocurrents from bulk Weyl cones but overlooked the contributions from surface Fermi arcs [15] [16] [17] [18] [19] [20] [21] [22] [23] .
Here, we for the first time study a new CPGE from surface Fermi arcs, which is induced by the chiral structures of Fermi arcs and surface crystalline-symmetry breaking on the boundary. We first quantitatively compute the photocurrents from the giant Fermi arcs in the ideal Weyl-like semimetal RhSi and then generalize our theory to topological cubic chiral crystals in space groups #195-199 and #207-214. Regardless of the choice of surface terminations, the photocurrents from surface Fermi arcs can always be vertical to the injection currents from the bulk Weyl-like fermions in cubic chiral crystals. In general, it is challenging and nontrivial to disentangle the contributions from bulk and surface in topological metals [29] [30] [31] [32] [33] . For example, in transport, the quantum oscillations from the bulk Dirac/Weyl cones are often mixed with those from the surface [29] . Similarly, for spectroscopy, one needs to conduct multiple measurements to distinguish the bulk signals and surface states [31] . Our theory shows that different symmetry constraints in bulk and on the surface allow circumstances where the surface and bulk topological responses are completely disentangled.
The RhSi family has a non-symmorphic cubic crystal structure in the space group P 2 1 3 (# 198) with the 2-fold screw rotations S 2x = {C 2x |0.5, 0.5, 0}, S 2y = {C 2y |0, 0.5, 0.5}, and S 2z = {C 2z |0.5, 0, 0.5}, which are related by the 3-fold diagonal rotation C 3xyz . This material class has been predicted as ideal Weyl semimetals with a four-fold degenerate chiral fermion at the Γ point and a six-fold degeneracy at the bulk Brillouin zone (BZ) corner R [19, 24] .
The electronic structure of RhSi in the presence of spin-orbit coupling (SOC) is plotted in Fig. 1a . The angle-resolved photoemission spectroscopy (ARPES) measured constant energy contour on (001)-surface of RhSi is illustrated in Fig. 1b , where the bulk Weyl/chiral fermions projected atΓ (Chern number C = 4 for the gap at the Fermi level) andM (C = −4) are connected by Fermi arcs spanning diagonally across the entire surface BZ [25] [26] [27] [28] . Figure 1c shows the experimentally-matched surface states calculations of RhSi.
In the absence of SOC, there are two sets of Fermi arc surface states. After turning on SOC, each set splits into two arcs of the opposite spins. The energy dispersion along the red path in Fig. 1c cutting through the Fermi arcs is illustrated in Fig. 1d . At one k-point there are two sets of Fermi arcs, which suggests a potential light-absorption channel (indicated by the cyan arrow) within Fermi arcs. This potential light-absorption channel is possible because of the chiral (or helicoid) structure of Fermi arc surface states [25, 34] . To better illustrate the chiral structure of Fermi arcs in RhSi, we plot the zoom-in of surface states aroundM in Fig. 1e . The Fermi arc surface states spiral clockwise with increasing energy.
As a result, the arc-set-1 and arc-set-2 can share the same momentum location at different energies.
This light-absorption channel of chiral Fermi arcs suggests that the optical responses of the RhSi surface can be dramatically different from that in bulk. Here we study the CPGE where a circularly polarized laser induces an injection current in the ideal Weyl/chiral semimetal RhSi. Previous work was focusing on the photocurrents induced by the bulk Weyl nodes only, disregarding the CPGE contribution supported by the Fermi arc surface states [16] [17] [18] [19] [21] [22] [23] . Recent experiments have just shown evidence the exotic bulk photocurrents in RhSi [23] . Therefore, it is timely to study the CPGE arising from giant Fermi arcs.
In non-magnetic materials, the circularly polarized light induced injection current can be written as:
where E(ω) is the electric field of the laser and the subscript j is the laser propagating direction, i is the direction of injection current. Furthermore, f
is the difference of Fermi velocities, and r l k,nm = i n|∂H k /∂k l |m is the matrix element of the velocity operator. β is the CPGE tensor and J is the injection current. To distinguish the bulk and surface photocurrents, we use different superscripts: β b and J b for the bulk, and β s and J s for the surface.
We first study the CPGE of RhSi with the laser applied along the principal axes: x,
The Fermi velocities and velocity matrix elements obey the relations v The difference in the CPGE between the bulk and the (001)-surface under a circularly polarized laser along z-direction can be visualized by the momentum dependent circular
is the transition matrix element of circularly polarized light, and
is the interband transition [35] . Under the circularly polarized laser, bulk electrons at k and the rotation partner k will be both excited (Fig. 2a) and generate opposite photocurrents J b ⊥ (photocurrents perpendicular to the laser) which then cancel with each other (Fig. 2c) .
In contrast, on the surface of the crystal, electron excitations only occur on one side of the BZ (Fig. 2b) and thus produce net nonzero injection currents (Fig. 2d) . We quantitatively compute the photocurrents from the Fermi arcs (Fig. 1c) Finally, we generalize our theory of disentangled photocurrents from Fermi arc surface states and bulk chiral fermions into other materials. In principle, all Weyl semimetals satisfying the following criteria can exhibit related photocurrents induced by chiral Fermi arcs: (1) Large nontrivial energy windows that allow an optical transition between two arcs at the same k-points; (2) Low surface symmetries so that nonzero net surface photocurrents are allowed. In addition, in order to distinguish the photocurrents from Weyl cones and Fermi arcs, (3) additional crystal symmetries that eliminate bulk photocurrents perpendicular to the laser are required. Taking all the three criteria into consideration, we find that topological cubic chiral crystals in space groups #195-199 and #207-214 are the best material candidates. The rotation symmetries of the cubic chiral crystals force the bulk photocurrents to be parallel to the laser. The unconventional multifold chiral fermions of cubic chiral crystals are largely separated in energy-momentum space, which prepare long chiral Fermi arcs within a large energy window. Table I shows the CPGE of cubic chiral space groups with more material candidates for further experimental measurements. We first check the non-symorphic chiral space groups: #198, #199, #208, #210, and #212-214. By analyzing the symmetry constraints, we find that space groups #198, #212, and #213 allow for the photocurrents from the (001)-surface, since the nons-ymmorphic symmetries are broken on the boundary. In contrast, in space groups #199 and #213 the CPGE from the Fermi arcs on the (001)-surface is disallowed since the spiral translations are preserved on the boundary. Although the screw rotation S 4z is broken in space groups #208 and #210, the C 2z rotation is still preserved. Therefore, the (001)-surface Fermi arcs induced photocurrents are also forbidden in space groups #208 and #210. For the other surface terminations where all the rotation symmetries are broken, the (110)-surface for example, photocurrents from Fermi arcs are allowed in all the non-symmorphic cubic chiral space groups. Lastly we study the Fermi arcs CPGE from symmorphic cubic chiral space groups: #195-197, #207, #209, and #211. On the (001)-surface, the rotation symmetries perpendicular to the plane is still preserved. Thus Fermi arcs induced photocurrents are forbidden. On other generic surfaces such as the (110)-surface, Fermi arc photocurrents are allowed due to the broken of rotation symmetry on the boundary. By extensive material search, we predict new materials (Table I) which are ideal candidates to realize our theory.In general, the contributions of photocurrents from Fermi arcs can exist in all Weyl semimetals. However, in most materials, the photocurrents from surface Fermi arcs are mixed with the photocurrents from bulk, which makes it is challenging to distinguish the contributions from the surface and bulk. The material candidates in Table I provide 
